In this paper we focus on the numerical simulation of the mixing behaviors of distributed superconducting junction arrays at 1.2 THz. A novel type of superconducting tunnel junctions, i.e., NbN/AlN/Nb, which have a relatively high gap voltage (4.3 mV) and can reach a critical current density as high as several tens of kA/cm 2 , are proposed for this characterization along with conventional Nb/AlOx/Nb junctions. The former is incorporated with a NbN/SiO 2 /Al tuning circuit, and the latter with a Nb/SiO 2 /Al and a NbTiN/SiO 2 /Al tuning circuits. The noise performance, local-oscillator power requirement, IF bandwidth, and optimum embedding impedance are thoroughly characterized for the two types of distributed superconducting junction arrays.
Introduction
The THz regime remains the last radio window to be fully explored and astronomical and atmospheric observations in this regime are scientifically important [1] . Like other frequency regimes, developing high-sensitivity detectors (coherent and incoherent) is of particular interest for both ground-based and space-borne facilities. As the coherent detector of choice below 1 THz, superconducting SIS (Superconductor-Insulator-Superconductor) mixers have achieved as high a sensitivity as five times the quantum limit (i.e., 5hν/k) around 1 THz [2] . It is, however, still rather challenging to develop SIS mixers at frequencies beyond 1 THz with considerable transmission loss in superconducting circuits owing to the Cooper-pair breaking by energetic photons and much increased difficulties in design and fabrication.
In general, there are two kinds of junction devices chosen for SIS mixers around 1 THz. One kind is conventional Nb SIS junctions (Nb/AlOx/Nb and Nb/AlN/Nb), which can indeed work up to about 1.4 THz, incorporating a junction tuning circuit with high energy-gap superconducting films (NbTiN, for example) or normal metal films (Al) [2] , and the other is SIS junctions with one or two electrodes made of a high energy-gap superconducting film (NbTiN/AlN/Nb, for example) incorporating a junction tuning circuit made of the same kind of film [3] , [4] . In addition, different a) E-mail: scshi@mail.pmo.ac.cn DOI: 10.1093/ietele/e90-c. 3 .556 junction tuning circuits [2] - [5] have been widely investigated. Distributed superconducting junction arrays [6] , [7] have been investigated at 500 GHz. Here we investigated the mixing performance of a novel type of SIS junctions, i.e., NbN/AlN/Nb, integrated in distributed superconducting junction arrays at 1.2 THz. The associated junction tuning circuit is an inductive NbN/SiO 2 /Al mcirostrip line. Furthermore, conventional distributed Nb/AlOx/Nb superconducting junction arrays are also studied in connection with a Nb/SiO 2 /Al and a NbTiN/SiO 2 /Al tuning circuits. The mixing performances of the two types of distributed junction arrays are simulated with respect to the junction number.
Besides the mixer noise temperature and conversion gain, the embedding impedance, LO-power requirement, and IF bandwidth are thoroughly characterized.
Theoretical Model of Distributed Superconducting Junction Arrays
A distributed superconducting junction array, as illustrated in Fig. 1 , is composed of N SIS junctions situated along a microstrip line, which indeed functions as an inductance tuning out all the geometric capacitances of the individual SIS junctions and its own capacitance. Note that the individual SIS junctions can be non-identical and separated nonuniformly to have a larger bandwidth [8] . Distributed superconducting junction arrays look like a lossy transmission line as the individual SIS junctions can be approximately treated as a resistor and a capacitor connected in parallel, and are indeed a non-linear transmission line when used as a mixing device (RF and LO signals both applied). The individual SIS junctions in such an array are biased at the same dc voltage, but developed by different RF and LO voltages (in both amplitude and phase, and being frequency dependent) owing to the phase shift along the microstrip line. Obviously, the individual SIS junctions may have different mixing behaviors. The performance of distributed superconducting junction arrays cannot be simulated directly by the quantum theory of mixing [9] , [10] . As the individual SIS junctions and the short microstrip lines separating every two SIS junctions are connected together in cascade, it is more convenient to represent each section of microstrip line by a voltage-current transmission matrix [ABCD], just as displayed in Fig. 2 . By assuming a sinusoidal LO voltage impressed across each SIS junction, we have already constructed an equivalent small-signal and noise model for distributed superconducting junction arrays by means of the transmission-matrix formulation [6] . Some useful formulae are summarized below for reference. Although they are established for distributed superconducting junction arrays of identical SIS junctions with the same separation, they can be readily extended to a general case and long SIS junctions as well.
LO-Voltage Distribution
With the assumption of a sinusoidal LO voltage, the input LO pumping voltage and current (V p,k−1 , I p,k−1 ) in a twoport network composed of a section of microstrip line and the k-th SIS junction are readily found in terms of the output variables (V p,k , I p,k ) and the junction's intrinsic characteristics. They can be written
where A p , B p , C p , and D p are the elements of the voltagecurrent transmission matrix of the short microstrip line at the LO frequency ω p , C j is the junction's geometric capacitance, and I jp,k denotes the intrinsic LO current of the k-th SIS junction developed by V p,k . At the last SIS junction, we have I p,N =0 and V p,N to be optimized. To understand the total LO power requirement of distributed superconducting junction arrays, we define an equivalent reduced LO voltage 
Equivalent Noise Correlation Matrix
Here we mainly discuss the shot noise as it is dominant in distributed junction arrays. Let I k s be the shot-noise current source due to the k-th SIS junction of an distributed junction array, and V k se and I k se an equivalent voltage noise source in series and an equivalent current noise source in parallel at the output port of the unit shown in Fig. 2 , which represent the total shot-noise contribution from the part of the distributed junction array seen just after the k-th SIS junction. In terms of the theory of noisy fourpoles [11] , the Fourier components of V 
It is therefore straightforward to have the components of the total equivalent shot-noise current source of the distributed junction array
where Y emb,m is the embedding admittance seen by the distributed junction array at the m-th frequency sideband. Obviously, the total equivalent shot-noise correlation matrix, I se,m I * se,m , can be calculated from the shotnoise correlation matrixes of individual SIS junctions, i.e., [9] ). Similarly, when the LO pumping voltage V p,k has a non-zero phase φ p,k , its elements also include a phase of j(m-m')φ p,k . The equivalent shot-noise correlation matrix and the corresponding Johnson-noise component at the array's input port combine the array's total noise correlation matrix.
Simulation of Superconducting Thin-Film Microstrip Lines
There is usually an upper limit for the critical current density (J c ) of SIS junctions (about 10 kA/cm 2 for Nb/AlOx/Nb junctions) owing to the difficulty in fabricating good-quality thin insulation layer. It is well known that the junction's geometric capacitance (C j ) needs to be tuned out to have good mixer performance, and that the junction's ωR n C j product, which is an important measure of bandwidth (the smaller the ωR n C j product, the larger the bandwidth), is proportional to the ratio of ω/J c . Hence SIS mixers at submillimeter wavelengths usually adopt an SIS junction or junction array associated with an integrated tuning circuit that tunes out the junction's or array's geometric capacitances. An inductive thin-film superconducting microstrip line may be used to perform this function. On the other hand, thin-film superconducting microstrip lines are usually adopted in SIS mixers to be an impedance transformer that matches an SIS junction or junction array to its mixer mount. Such an impedance transformer is particularly necessary while adopting SIS junctions of high J c (J c AR n product is a constant and the junction's input impedance approximately equal to its normal-state resistance R n ).
As is well known, superconducting thin-film microstrip lines have considerable propagation loss at frequencies higher than the gap frequency of the adopted superconducting films (equal to 2e∆/h, ∼700 GHz for Nb films) because of the Cooper-pair breaking in the superconducting films by energetic photons. Hence ones tend to use superconducting films of high energy gap (NbTiN [12] , [13] , for example) as the ground plane and conductor strip of superconducting thin-film microstrip lines. In fact, superconducting films of high energy gap are usually chosen as the ground plane to avoid self heating, while normal metal films (Al, for example) as the conductor strip. Here we mainly investigated three types of thin-film microstrip lines, i.e., Nb/SiO 2 /Al, NbTiN/SiO 2 /Al, and NbN/SiO 2 /Al, with the first two proposed for Nb/AlOx/Nb SIS junctions and the third one for NbN/AlN/Nb SIS junctions.
The characteristics of such superconducting/normalmetal thin-film microstrip lines can be readily simulated by simply treating them as a quasi-TEM transmission line with the surface impedances of the ground plane and conductor strip included. When they are applied to high frequencies, however, the strip size may become so small (even small ratio of length to width) that they have non-uniform field distribution on the conductor strip and ground plane and then cannot be simply regarded as a quasi-TEM transmission line. Hence we also calculated their characteristics with the aid of an electromagnetic-field simulator (including all the surface impedances) for comparison.
It is well known that for a transmission line, its propagation constant and characteristic impedance are determined by its distributed series impedance per unit length (Z) and shunt admittance per unit length (Y). Let us consider a thinfilm microstrip line consisting of a conductor strip of width w and thickness t 1 separated from a ground plane of thickness t 2 by a lossless dielectric (ε r ) of thickness h. Its series impedance and shunt admittance per unit length are written
where µ 0 and ε 0 are the permittivity and permeability of free space, Z sc and Z sg respective surface impedances of the conductor strip and ground plane, and k the fringe field factor for describing the fringe field around the conductor strip, which is no longer negligible for small aspect ratio w/h. The expression of the fringe field factor k, as a function of w, h, and t 1 , can be found in [14] . It should be pointed out that this expression was obtained based on an assumption of the current flowing only in the direction normal to the cross section of the conductor strip. For a superconducting thin film of energy gap ∆, penetration depth λ and normal-state conductivity σ n , its complex conductivity (σ=σ 1 + jσ 2 ) can be readily calculated using the Mattis-Bardeen theory [15] , which was developed based on the BCS weak coupling theory in the extreme anomalous limit. Note that σ 1 accounts for both the conduction by thermally excited quasiparticles and the scattering of quasiparticles created by the Cooper-pair breaking via the photon energy ω, and σ 2 the kinetic inductance due to the motion of the superelectrons. Its surface impedance under a local electrodynamics is expressed as [16] 
For a normal-metal thin film of mean free path l (i.e., l e in Table 1 , skin depth δ n ) and normal-state conductivity σ n (=σ), its surface impedance can be calculated according to the Reuter-Sondheimer equation derived in the extreme anomalous limit under non-local electrodynamics [17] , [18] ,
In terms of Eqs. (8)- (11), we calculated Z 0 , ε eff , and α for four kinds of thin-film microstrip lines in the frequency range of 500-1500 GHz, which are Nb/SiO 2 /Al, NbTiN/SiO 2 /Al, NbN/SiO 2 /Al, and NbN/SiO 2 /Nb. The conductor strip width was assumed to be 5 µm and two different SiO 2 (ε r =4) thicknesses (i.e., 250 and 350 nm) were adopted for each instance. All the parameters of Nb, NbTiN, NbN, and Al films used in this calculation are summarized in Table 1 [12] , [19] , [20] . Figure 3 plots the attenuation per wavelength calculated. It can be clearly seen that the attenuation starts to increase at each gap frequency and that as far as the attenuation and its frequency dispersion are both con- Table 1 Parameters of superconducting and normal metal films used in the simulation (G: ground layer, W: wiring layer). With the aid of HFSS [22] , we also simulated a Nb(0.6 µm)/SiO 2 (0.3 µm)/Nb(0.3 µm) thin-film microstrip line for three different strip widths (1, 2, and 4 µm). The Nb superconducting conductor strip and ground plane were represented by a thin sheet of complex surface impedance, which can be calculated in terms of the Mattis-Bardeen theory [23] , [24] . The simulated characteristic impedance Z 0 and effective dielectric constant ε eff are summarized in Table 2, together with those (analytical) from Eqs. (8)- (11) . The difference is considerable, especially for the effective dielectric constant, which is indeed higher than its relative dielectric constant (ε r =4) mainly owing to the kinetic inductance of superconducting films. It is understandable when we see fairly non-uniform current distribution on the conductor strip and ground plane shown in Fig. 4 . Obviously, such a difference will be reduced with larger conductor strip widths. Whether the HFSS simulation or the analytical method provides more accurate result still needs to be confirmed experimentally. Using the equivalent small-signal and noise model (assuming five frequency ports) discussed in Sect. 2,we firstly simulated the mixing performance of distributed Nb/AlOx/Nb superconducting junction arrays (of different numbers of SIS junctions) based on a Nb/SiO 2 /Al tuning circuit at 1.2 THz. As introduced before, the individual SIS junctions in a distributed junction array were identical and uniformly separated. The junction area and critical current density were chosen as 1 µm 2 and 10 kA/cm 2 , while the junction's I c R n product and specific capacitance were assumed to be 1.95 mV and 90 fF/µm 2 . The Nb/SiO 2 /Al thin-film microstrip line, together with individual SIS junctions combining a distributed junction array (refer to Fig. 1 ), was 5-µm wide and of a length optimized for each distributed junction array. The junction's dc bias, reduced LO voltage across the last SIS junction, and embedding impedance seen by the simulated array were optimized for the receiver noise temperature (assuming an IF noise temperature of 10 K).
Given the fact that a thick SiO 2 is beneficial to the reduction of signal propagation loss, we also did the simulation for two different SiO 2 thicknesses (i.e., 250 and 350 nm). In addition, we chose two junction I-V curves of different quality factors (R sub (2 mV)/R n =10.4 and 20.6) to understand the dependence of the mixing performance of distributed superconducting junction arrays upon the junction quality. Figure 5 demonstrates the simulated results as a function of the junction number for three instances. Obviously, the instance combining a junction I-V curve of better quality (SISIV-II) and a thicker SiO 2 layer demonstrates the best result. It can be observed from Fig. 5 that from twoto ten-junction array, the mixer noise temperature doesn't vary significantly, but the mixer conversion gain drops to some extent. Nearly 5-dB drop of the mixer conversion gain (from two-to ten-junction array) is much larger than the total loss contribution of the Nb/SiO 2 /Al thin-film microstrip line (about 0.7-dB increase). The equivalent reduced LO voltage does rise, but not linearly, with the increase of the junction number. It is understandable as the LO-voltage dis- tribution in a distributed superconducting junction array is indeed varied periodically [6] .
It should be pointed out that the optimum dc-bias voltage impressed across the individual SIS junctions was found about 2.44 mV, which is rather close to the junction's gap voltage (2.71 mV), and that there was a limited voltage range demonstrating relatively good performance. The reason is that at 1.2 THz, the first photon-assisted tunneling step originated from the negation branch of the junction I-V curve ends around a positive voltage of 2.25 mV (refer to Fig. 6 Fig. 3 ). It is therefore of particular interest to study the mixing performance of distributed Nb/AlOx/Nb superconducting junction arrays based on a NbTiN/SiO 2 /Al tuning circuit. We resimulated the three instances discussed in 4.1 by replacing the Nb/SiO 2 /Al microstrip line with a NbTiN/SiO 2 /Al microstrip line. All the junction parameters and I-V curves were kept the same. The NbTiN/SiO 2 /Al microstrip line was still 5-µm wide and with two different SiO 2 thicknesses (250 and 350 nm). The simulation results are plotted in Fig. 7 . Similarly, we can see a small variation of the mixer noise temperature, but a large drop of the conversion gain (4 dB from two-to ten-junction array). It is also clear that adopting a thicker SiO 2 here has little help to the mixing performance, which is coincident with the results shown in Fig. 3 , but a better quality I-V curve is favorable. Moreover, the reduction of the equivalent reduced LO volt- age is evident with a better quality I-V curve. With respect to the results shown in Fig. 5 , the mixer noise temperature is about half reduced, the conversion gain 6 dB increased, and the equivalent reduced LO voltage down 0.3. [20] , may perform well up to 2.1 THz (2f gap ). It is therefore of particular interest to investigate the mixing performance of distributed NbN/AlN/Nb superconducting junction arrays. We performed this simulation for two instances with different junction critical current densities (i.e., 15 and 30 kA/cm 2 ). The respective junction areas for the two instances were assumed to be 0.79 and 0.4 µm 2 to keep a constant normalstate resistance. We also assumed the junction's I c R n product and specific capacitance to be 2.6 mV and 100 fF/µm 2 [20] . The NbN/SiO 2 /Al microstrip line was 5-µm wide and of a 250-nm thick SiO 2 layer. Figure 8 displays the simulation results. Obviously, the difference between the two instances is not significant. It can be understood as the increase of J c mainly benefits bandwidth. Despite with an I-V curve of relatively low quality (refer to Fig. 9 ), the conversion gain is rather similar to that shown in Fig. 7 and has a relatively small drop of 3 dB, while the noise temperature reaches as low as 150 K. The equivalent reduced LO voltage, however, nearly doubles that for Nb/SiO 2 /Nb junction arrays with a NbTiN/SiO 2 /Al tuning circuit. The increase of the LO power requirement is indeed attributed to a larger gap voltage. We also plot the pumped and unpumped I-V curves, and the simulated conversion gain for two-and ten-junction arrays in Fig. 9 . Clearly, there is a large dc-bias voltage range demonstrating good performance. It is of great benefit to real applications.
In this case we also simulated the mixing performance of a two-junction and a ten-junction arrays at 1.2 THz with respect to the normalized embedding impedance, which is indeed an impedance terminated at the array's input port and expressed asZ emb = (R RF −1 +jB RF ) −1 (normalized to the array's equivalent normal-state resistance, R n,e =R n /N). Note that the dc-bias and the reduced LO voltages across the individual SIS junctions were both fixed at their respective optimum values. The simulated receiver noise temperatures (assuming an equivalent IF noise temperature T IF =10 K) are plotted in Fig. 10 as functions of the normalized embedding resistance and conductance. Here G n,e is equal to 1/R n,e . It is clear that in a large range ofR RF andB RF , both instances give good performance. The optimum embedding impedance for the ten-junction array, a relatively largeR RF and smallB RF , appears easier to have a broadband mixer mount design.
Discussions

Noise Temperature of Distributed Junction Arrays
For single SIS junctions with only the shot-noise due to LO current tunneling taken into account, the single-sideband mixer noise temperature is given by (refer to Eqs. (7)- (17) in [10] ),
where R s is the mixer's termination resistance at the signal sideband (i.e., m=1), the quantity the junction's noise current correlation matrix (m, m = 0, ±1, ±2, · · ·), the quantity λ 0m the ratio of the element value of the mixer's augmented impedance matrix at the m-th frequency sideband to that at the IF port [10] . Given the fact that R s is approximately equal to the junction's normal-state resistance R n (inversely proportional to the junction area) and H mm proportional to the LO tunneling current (approximately to the junction area), we know that the mixer noise temperature is almost independent of the junction area if there is only the LO tunneling current. Now let us consider an SIS junction of large area, which can be regarded as a distributed junction array without separation (i.e., of the same LO voltage and thus the same performance for the small SIS junctions). The large-area SIS junction, i.e., a particular distributed junction array, will demonstrate the same mixer noise temperature as the individual small SIS junctions. For real distributed superconducting junction arrays, there is a separation between every two SIS junctions and thus there is noise correlation between the individual SIS junctions (not correlation between sidebands). Such correlation, plus the effect of different LO voltages, may increase or decrease the mixer noise temperature of a distributed junction array as a whole. Now we can understand why we observed little variation of mixer noise temperature with respect to the junction number. While there is considerable signal propagation loss existed in a distributed superconducting junction array (as discussed in Sect. 4.1), its mixer noise temperature will be increased owing to the change of the parameters λ 0m and the Johnson-noise contribution. Clearly, the mixer noise temperature can be improved by adopting a low-loss microstrip junction tuning circuit and good quality SIS junctions.
Conversion Gain of Distributed Junction Arrays
As discussed in Sect. 4.1, distributed superconducting junction arrays based on a lossy tuning circuit have a mixer conversion gain degraded much more than the total loss of the tuning circuit. It can be understood from the definition of the mixer conversion gain for single SIS junctions,
The quantity Z 01 , representing the conversion efficiency from signal port 1 (RF) to port 0 (IF), is indeed in connection with all the sideband elements of the junction's augmented impedance matrix [9] . Hence the decrease of the mixer conversion gain of a distributed junction array based on a lossy tuning circuit is attributed to the signal transmission losses due to all frequency sidebands (the higher the frequency, the larger the loss). It is therefore clear that with a lossy tuning circuit, the mixer conversion gain drops considerably with the increase of the junction number (of a longer tuning circuit). In the case of a tuning circuit of negligible loss, there is still some drop of mixer conversion gain, just as presented in Sect. 4.3. It might be resulted from the variation of LO pumping voltage among the individual SIS junctions, which is indeed the key factor improving the bandwidth of distributed junction arrays. Similarly, the mixer conversion gain can be improved by adopting a low-loss microstrip junction tuning circuit (choosing low-loss films or thick dielectrics) and good quality SIS junctions. It should be pointed out that for a lossy thin-film microstrip impedance transformer, which is usually connected between the junction device and the signal feed point of a mixer mount for impedance matching, may not degrade the mixer conversion gain as much as a lossy microstrip junction tuning circuit. Its contribution is related to the impedance transformation ratio [21] , [27] .
LO Power Requirement of Distributed Junction Arrays
The total LO power requirement of distributed junction arrays does increase with the junction number, but it is not linearly increased as the individual junctions in an array are developed by different LO voltages. The total LO power requirement can be reduced to some extent by choosing a low-loss tuning circuit. In the case of Nb/AlOx/Nb distributed junction arrays with a NbTiN/SiO 2 /Al tuning circuit, the equivalent reduced LO voltage for a ten-junction array is only 54 percent increased with respect to that for a two-junction array, corresponding to 2.4 times the total LO power requirement. In addition, the equivalent reduced LO voltage rises in connection with the growing gap voltage.
IF Bandwidth of Distributed Junction Arrays
There is a school of thought that distributed superconducting junction arrays, having relatively large capacitance at the IF frequency, will have a limited IF bandwidth. To understand how good the IF bandwidth of distributed junction arrays is, we simulated the mixer conversion gain of a twoand a ten-junction arrays with respect to the IF frequency (from 1-20 GHz). For both the two-and the ten-junction arrays, we studied three instances, i.e., Nb/AlOx/Nb SIS (J c =10 kA/cm 2 , C j =90 fF) with a Nb/SiO 2 /Al tuning circuit, Nb/AlOx/Nb SIS (J c =10 kA/cm 2 , C j =90 fF) with a NbTiN/SiO 2 /Al tuning circuit, and NbN/AlN/Nb SIS (J c =15 kA/cm 2 , C j =79 fF) with a NbN/SiO 2 /Al tuning circuit. All the junction and microstrip parameters were the same as presented above. The junction I-V curve was SISIV-I for Nb junctions and SISIV-III for NbN junctions, and the SiO 2 layer was 250-nm thick. It should be noted that the IF termination was assumed to be 50 Ω.
The simulation results are shown in Fig. 11 . It can be seen that for each instance, the ten-junction array has a smaller IF bandwidth than that of the 2-junction array. The 1-dB IF bandwidths of the two-and ten-junction arrays are about 14 and 10 GHz for Nb SIS with a Nb/SiO 2 /Al tuning circuit (7.9-and 2.2-µm long, respectively), 6 and 5 GHz for Nb SIS with a NbTiN/SiO 2 /Al tuning circuit (2.6-and 1-µm long), and 11 and 7 GHz for NbN/AlN/Nb SIS with a NbN/SiO 2 /Al tuning circuit (3.8-and 0.8-µm long). The difference is about 4 GHz, except for the instance with a NbTiN/SiO 2 /Al tuning circuit with a difference of 1 GHz. The difference of IF bandwidth between the three instances might be attributed to different effective capacitances (i.e., junction array capacitance plus that from the tuning microstrip line) and effective dynamic resistances (i.e., junction array dynamic resistance in parallel with the IF termination).
Conclusions
We have thoroughly investigated the mixing performance of distributed Nb/AlOx/Nb and NbN/AlN/Nb superconducting junction arrays at 1.2 THz. Conventional Nb junction arrays are incorporated with a Nb/SiO 2 /Al and a NbTiN/SiO 2 /Al tuning circuits, while newly proposed NbN/AlN/Nb junction arrays (of a gap voltage reaching 4.3 mV) with a NbN/SiO 2 /Al tuning circuit. We have found that for the three simulated instances, the mixer noise temperature is insensitive to the junction number and to the contrary the mixer conversion gain declines considerably, especially with a lossy tuning circuit. It has also been observed that with the increase of the junction number, the total LO power requirement is increased (but not linearly) and the IF bandwidth is decreased. A good quality SIS I-V curve is of great benefit to the mixing performance of distributed junction arrays, and a thicker dielectric for the tuning circuit is only useful to those based on a lossy thin-film microstrip line.
Although having considerable RF loss, distributed Nb/AlOx/Nb junction arrays with a Nb/SiO 2 /Al junction tuning circuit, which can be fabricated through a well established process, demonstrates a mixer noise temperature of only two to three times that with a lossless junction tuning circuit and the largest 1-dB IF bandwidth among the three instances. Their mixer conversion gains are rather small, but may bring small noise contribution as the current stateof-the-art HEMT low noise amplifiers reach a noise temperature below 5 K. When the Nb/SiO 2 /Al microstrip junction tuning circuit is replaced with a NbTiN/SiO 2 /Al one, both the mixer noise temperature and the mixer conversion gain are improved significantly. The total LO power requirement becomes much smaller, but the 1-dB IF bandwidth is limited owing to a relatively large effective dielectric constant. We have found that with Nb SIS junctions, there is a quite limited dc-bias range to work at 1.2 THz. On the contrary, the newly proposed NbN/AlN/Nb junction arrays demonstrate good mixer performance in a large dc-bias range. But its total LO power requirement nearly doubles that for Nb junction arrays with a lossless junction tuning circuit. Hence distributed junction arrays can find good use at THz frequencies by choosing suitable SIS junctions and junction tuning circuit.
